The chemical constituents of the roots of two Ligularia lankongensis samples collected in Yunnan and Sichuan Provinces, China, were investigated, together with the DNA sequence of the atpB-rbcL and ITS regions. Four new highly oxygenated bisabolane-type sesquiterpenes (1 -4) were obtained. Intraspecific diversity in the DNA sequence was found to be limited.
Plants of the genus Ligularia (Asteraceae) are widely distributed in the Hengduan Mountains of China. We are studying the intraspecific diversity and evolution of Ligularia species in this area on the basis of chemical constituents and evolutionarily neutral DNA sequences. So far we have revealed the presence of intraspecific diversity in many species [1] [2] [3] [4] [5] [6] [7] [8] . Although most Ligularia species in the Hengduan Mountains area produce furanoeremophilanes [9] , some species do not, indicating the presence of different lineages.
We previously reported that L. lankongensis in northwestern Yunnan Province produced highly oxygenated bisabolane-type sesquiterpenes with an epoxide ring between C-10 and C-11, and intraspecific diversity was recognized in the oxidation pattern of the bisabolane compounds, but not in the DNA sequence of the atpB-rbcL region [1] . Several new bisabolane-type sesquiterpenes from Ligularia species have been reported in the past five years. [10] [11] [12] . Further search in the field provided us two additional L. lankongensis samples from Yongsheng County of Yunnan Province (sample 1) and Yanyuan County of Sichuan Province (sample 2) (see Figure 1 ). In the present study, we obtained four new highly oxygenated bisabolane-type sesquiterpenes (1 -4) from these samples.
The dried roots of the two samples were extracted with EtOAc. The extracts were subjected to silica gel column chromatography followed by ODS HPLC to give oxygenated bisabolane sesquiterpenes. From the Yunnan sample (sample 1), a new compound (1) was isolated together with three known compounds (5 -7) . From the Sichuan sample (sample 2), three new compounds (2 -4) together with two known compounds (7 -8) were obtained. Compounds 5 -8 were identified by comparison of NMR data with those reported previously [1] . skeleton with an exomethylene moiety, two epoxide rings, and two angeloyloxy (AngO) groups. Exomethylene protons at C-14 ( H 4.98 and 5.14) showed HMBC correlations with C-8 ( C 73.2) and C-6 ( C 35.3). The COSY spectrum showed that H-6 ( H 2.14) was adjacent to two methylene protons,  H 1.62 and 1.77 (C-1), and  H 1.77 and 2.32 (C-5). The methylene protons at C-1 were also correlated with H-2 ( H 5.25)Methyl protons at C-15 ( H 1.34) had HMBC correlations with C-3 ( C 58.1), C-4 ( C 60.9), and C-2 ( C 73.6). These data showed that one of the two epoxide functions was attributed to C-3/C-4 and the two angeloyloxy groups were attached to C-2 and C-8. The other epoxide ring was deduced to be located at C-10/C-11 from 13 C and 1 H chemical shifts (C-10:  C 61.0,  H 2.80; C-11:  C 58.4). The relative configuration of the cyclohexane ring in 1 was deduced from 1 H-1 H coupling constants and the NOESY spectrum. That is, H-2 ( H 5.25) appeared as a doublet of doublets with coupling constants of 10.5 and 5.5 Hz. This indicated that H-2 was located in an axial orientation. The NOESY spectrum showed correlations between H-2 and H-6, between H-2 and methyl protons at C-15, and between methyl protons at C-15 and H-4 ( H 3.13). These data showed that compound 1 had the same relative configuration as the previously reported compound 5 [1] , even though the relative configuration of C-8 and C-10 could not be determined from the spectroscopic data. Thus the structure of 1 was determined to be 2,8-bisangeloyloxy-3,4,10,11-bisepoxybisabol-7(14)-ene.
Compound 2 had the molecular formula C 30 H 44 O 9 . This compound had two angeloyloxy groups and a 2-methylbutyryloxy (MeBuO) group, together with a hydroxy group and two epoxide rings. 1 H, 13 C, and 2D NMR spectra of 2 closely resembled those of 5 (C 30 H 42 O 9 ). This implied that 2 had a structure where one of the angeloyloxy groups of 5 was saturated to afford a 2methylbutyryloxy group. HMBC correlation between carbonyl C-1" ( C 176.7) and H-1 ( H 5.35) revealed that the 2-methylbutyryloxy group was connected at C-1. Consequently, the structure of 2 was established to be 5,8-bisangeloyloxy-3,4,10,11-bisepoxy-1-(2methlybutyryloxy)bisabol-7(14)-en-2-ol.
Compound 3 (C 25 H 38 O 7 ) had one angeloyloxy group and one 2-methylbutyryloxy group, together with two epoxide rings. 1 H, 13 C, and 2D NMR spectra of 3 resembled those of 7 (C 25 H 36 O 7 ). Thus, 3 should have the structure where one of the angeloyloxy groups of 7 was substituted with a 2-methylbutyryloxy group. HMBC correlations between carbonyl C-1' ( C 166.7) and H-8 ( H 5.37), and between carbonyl C-1" ( C 176.2) and H-2 ( H 5.09) revealed that the 2-methylbutyryloxy group was connected at C-2 and the angeloyloxy group was at C-8. Thus the structure of 3 was established to be 8-angeloyloxy-3,4,10,11-bisepoxy-2-(2methlybutyryloxy)bisabol-7(14)-en-1-ol.
Compound 4 had the molecular formula C 25 H 36 O 7 . This compound had a ketone ( C 201.4) together with one angeloyloxy group, one 2-methylbutyryloxy group and two epoxide rings. From the comparison with other compounds (1 -3 and 5 -8), the two epoxide rings could be assigned at C-3/C-4 and C-10/C-11 since these carbons resonated at a higher field than other oxygenated carbons in the 13 C NMR spectrum. HMBC correlation between the ketone and methyl protons at C-15 ( H 1.46) revealed that the carbonyl group was located at C-2. Exomethylene protons at C-14 ( H 5.10 and 5.28) showed HMBC correlations with C-8 ( C 73.3) and C-6 ( C 44.1). The epoxide proton at C-4 ( H 3.44) showed HMBC correlations with C-5 ( C 31.8) and C-6 ( C 44.1), as well as with C-3 ( C 61.4) and C-15 ( C 14.9). H-6 ( H 2.73) and H-1 ( H 5.74) showed a COSY correlation each other. These implied that the cyclohexane ring of 4 was substituted by 1-acyloxy, 2-oxo, 3,4epoxy, 3-methyl, and 6-alkyl groups. HMBC correlations between carbonyl C-1' ( C 166. These implied that the 3,4-epoxide was oriented and both methyl protons at C-15 and H-4 had an -equatorial orientation. Consequently, the structure of 4 was established to be 8-angeloyloxy-3,4,10,11-bisepoxy-1-(2-methlybutyryloxy)bisabol-7(14)-en-2-one. This structure ( 4) is a l ittle different from the other seven compounds (1 -3 and 5 -8) in terms of the carbonyl moiety and the C-1 stereochemistry of the cyclohexane ring.
The DNA sequences of the atpB-rbcL intergenic region of t he plastid genome and the ITS1-5.8S-ITS2 region of the nuclear rRNA gene were deter mined. The atpB-rbcL sequence was the same for the two samples and for our previous seven samples: G-A12 under our designation [1, 13] . The ITS1-5.8S-ITS2 region was analy zed for our previous seven samples as well. The results are summarized in Table 3 . When the nine sequences were subjected to a standard neighbor-joining cladistic analysis using MEGA5 [14] , they were not separated into clades. Thus, both DNA regions indicate that the samples are genetically more or less uniform. 
a Only the differences between the samples are shown. K = G+T; M = A+C; R = A+G; S = C+G ; Y = C+T. b Samples A-G are those in our previous report [1] . c The entire sequence has been deposited in the data-base with an accession number of AB684267.
In conclusion, eight bisabol ane-type sesquiterpenes (1 -8) , four of which were new compounds ( 1 -4) , were obtain ed from the two additional L. lankongensis samples collected in Yunnan and Sichuan Provinces, China. Intr aspecific diversity in the ch emical composition was observed in the oxidation pattern of the bisabolane compounds, as previously reported [1] . The res ults of the DNA sequencing also indicated th at the intraspecific diversity was limited.
